A considerable amount of studies has shown that musical ability affects the success of second language learning. Extending the existing body of work, this study investigates the combined effects of musical ability, modality and speaking style for tonenaïve listeners in identifying M andarin tones. In order to examine the added value of visual information and hyperarticulated speech, M andarin tones were presented in two modalities (audio-only and audiovisual) and speaking styles (natural and teaching style) to listeners with or without musical experience. Results showed that musicians generally outperformed non-musicians, but that modality and speaking style both affected learning: both accuracy and response times were better in the audiovisual and teaching style conditions. In addition, the tones differed in learnability : the identification of tone 3 proved the easiest and all participants had more difficulty identifying tone 4. Nevertheless, musicians showed significantly greater accuracy in their identification of tones. These findings suggest that learning to perceive M andarin tones benefits from musical expertise, visual information and hyperarticulated speaking style.
Introduction
Learning to perceive M andarin tones is difficult for speakers of non-tonal languages. In contrast to European languages, which tend to rely completely on phonological distinctions between vowels and consonants to distinguish word meanings, tonal languages such as M andarin Chinese use tones to distinguish meanings at the lexical level. Based on fundamental frequency (F0), pitch patterns and intrasegmental prosody, M andarin Chinese has four main distinctive tones, numbered 1 to 4: tone 1: high level (5-5), tone 2: mid-rising (or mid-high-rising; 3-5), tone 3: low-dipping (also low-falling-rising or mid-fallingrising; 2-1-4), and tone 4: high-falling (5-1) [1] . Although tonal movement tends to co-vary with other acoustic variables, the consensus is that F0 (as the correlate of perceived pitch) is the dominant acoustic feature for M andarin Chinese tones [2, 3] . Given the ubiquity of tonal languages and their increasing economic importance, identifying factors that promote efficient learning of M andarin tones has attracted considerable scholarly attention (see, for example [4, 5] ). In the current study, we focus on three factors which may contribute to M andarin tone perception: musical ability (comparing musicians and nonmusicians), modality (comparing audiovisual stimuli with audio-only stimuli) and speaking style (comparing a natural style with a teaching style).
M usical ability has been shown to be an important factor in many aspects of language learning. Neuropsychological as well as behavioral studies have revealed that musical expertise positively influences aspects of speech processing such as lexical pitch [6, 7, 8, 9] , sentence intonation [10] and perceiving the metric structure of words [11] . Both the perception of native [12] and foreign language speech [13] have been reported to benefit from musical experience of the subjects [13, 14, 15, 16] . It is not surprising to see musical expertise facilitating speech perception, since music and speech bear several similarities [17, 18, 19] . For one thing, music and speech are complex auditory signals based on the shared acoustic parameters: both pitch and duration contribute to the melodic and rhythmic aspects of music and to the linguistic functions of speech [20] . In addition, music and speech processing both require attention, memory and sensorimotor abilities. Furthermore, it seems that processing music and language use closely related neurocognitive systems. Although the dominant view has been that language and music processing were located in different hemisphere of the brain (left for language and right for music), an increasing number of studies have found that there is a functional overlap in the brain networks that process acoustical features used in both speech and music [18, 19, 21, 22] . M usical training seems to drive adaptive plasticity in speech processing networks [23] and there is a music training transfer between music and speech [17] .
Contrary to the bulk of European languages, pitch variations are linguistically relevant in tone languages (such as M andarin Chinese) and determine the meanings of words. The unfamiliarity with tone in many Western speakers makes tone languages ideally suited to examine the influence of musical experience on language learning [10] . Previous studies have shown that musicians are more sensitive to subtle pitch variations in speech than non-musicians (e.g. [12, 24] ). Results of empirical studies using behavioral methods clearly provide evidence that lexical tone perception benefits from musical expertise. A highly influential study by Gottfried and Riester [25] showed that tone-naïve English music majors identified the four M andarin tones better than non-musicians, and that musicians were also better at producing the M andarin tones compared to non-musicians. Furthermore, music majors performed better than non-musicians in pitch glide identification, and were more accurate in their identification of both intact and silent-center M andarin syllable tones [26] (see also [6] for similar results). In another study, that used intact and acoustically modified (limiting the available pitch information) syllables of the four M andarin tones produced by multiple speakers, Lee and Hung [27] assessed the difference in performance in M andarin tone identification between English musicians (with 15 years of musical training on average, without absolute pitch abilities) and non-musicians. They found TAL2018, Sixth International Symposium on Tonal Aspects of Languages 18-20 June 2018, Berlin, Germany that musicians processed pitch contours better than nonmusicians and concluded that (extensive) musical training facilitated lexical tone identification, although the extent to which musical ability facilitated tone perception varied as a function of the tone in question and the type of acoustic input. Taken together, these studies show that musicians consistently outperform non-musicians in the area of lexical tone processing.
Alongside the influence of musical ability of the listeners, the second factor we examined is modality, since speech perception can also be facilitated by providing visual information during articulation (e.g. [28, 29] ). Visual speech information is provided by movements of the lips, the face, the head and the neck. In order to be understood well, speakers are assumed to strive to provide optimal acoustic and/or visual information to meet the demands of the target audience or the communicative situation [30] . For lexical tone perception, studies (e.g. [31, 32] ) have shown that there is visual speech information that is related to lexical tone. When speakers want to convey information about tone (the pitch contour for instance), facial cues (along with gestures) are a common resource they resort to alongside the acoustic information. Our mouths and faces need to move in a certain way to produce a given tone which has consequences for the amplitude and the length of the visible articulations [33] . For instance, in M andarin tones, vowel duration tends to be the longest for tone 3 and shortest for tone 4; amplitude tends to be lowest for tone 3 and highest for tone 4 [2] . These acoustic differences may have visual correlates, for instance in the amplitude and the length of the visible articulations [34] .
However, the amount of audio-visual benefit achieved (i.e., the superiority of bimodal performance compared to unimodal performance) differs widely across individuals [35] . The added value of facial expressions for tone perception depends strongly on context, in particular on the availability of a clear and reliable acoustic signal. In situations where such a signal is available, extra visual / facial information may actually distract the listeners for the tone perception, since listeners are reluctant to use the visual information when acoustic sources are available and reliable [31] .
In our study, we look into the effects of modality for musicians and non-musicians: more specifically, we presented our participants with audiovisual stimuli or stimuli that contained only audio. Through extensive musical training, musicians are particularly sensitive to the acoustic structure of sounds (i.e., frequency, duration, intensity and timbre parameters). This sensitivity has been shown to influence their perception of pitch contours in spoken language [12] , but the extent to which musicians are affected by the presence of (exaggerated) visual information during speech perception has remained largely unexplored. While musicians might just benefit from the additional information like non-musicians, this is not a given. Given their extensive training to analyze the acoustic signal, they might not be as inclined to use visual cues (compared to non-musicians). Thus, they may benefit less from the added visual information. Taking into account that musicians may have developed increased abilities to focus attention on sounds and this ability may in turn help them to categorize the sounds and to make the relevant decision [17] , we hypothesize that the added visual information may still benefit the M andarin tone identification for musicians, while the contribution is likely smaller than that for non-musicians.
The third and final factor we address is that of speaking style, specifically the difference between speaking naturally and speaking in a teaching mode. Speakers show sensitivity to the characteristics of the audience they are addressing [30] . When they are addressing non-native speakers, like the participants in this study, native speakers/teachers commonly apply a so called teaching style, for instance, by speaking more slowly, more loudly and more clearly, in order to make the acoustic difference among speech units such as tones more salient for the listeners. Thus, it stands to reason that speakers' facial displays are also more exaggerated in teaching style compared to a more natural style of articulation.
When speakers employ a "teaching style", specifically geared to non-native listeners, or a more natural speaking style, geared towards fellow native speakers, the amount of auditory and visual information provided will be more pronounced in the case of a teaching style. Since speakers spend more energy to exaggerate the tone information in the teaching style, we expect more facial movements to be generated in the accompanying articulatory process, which creates potentially different information for the listeners, with musicians responding differently to a difference in speaking style than non-musicians, possibly moderated by modality as well. As a baseline hypothesis however, we start out from the fact that in teaching style speakers provide more acoustic and visual information to the listeners, which enhance their tone identification.
In sum, in this paper we investigate the effects of musical ability, modality and speaking style on M andarin tone identification by tone-naive listeners (speakers of Dutch). Since we expect that the effects of our three independent variables will vary among tones, we individually assess the effects for each tone in our study.
Method
A 2 (musical ability) x 2 (modality) x 2 (speaking style) design was employed in this study. Two groups of p articipants (musicians and non-musicians) were divided over two modality conditions (audiovisual vs. auditory-only) and two speaking styles (natural vs. teaching). Both the accuracy (whether a response was correct or not) and the reaction time (how long a participant took to respond) for each stimulus were recorded as dependent variables.
S ubjects
86 (mean age 22, 62 females) non-musicians were recruited from the Tilburg University participant pool; 84 (mean age 22, 35 females) musicians were recruited from Fontys School of Fine and Performing Arts. 83% of the participants were native speaker of Dutch, and none of them had been previously exposed to tone languages. The musician group had eight or more years of continuous music education and training up until or beyond the year 2017, while all the non-musicians had no more than three years of continuous music training. Assignment to the musical or non-musical group was based on participants' answers to a detailed music-experience questionnaire, the Goldsmith M usical Sophistication Index [36] .
Material

Stimulus construction
A word list with 10 M andarin monosyllables (e.g., ma, ying …) was constructed (selection based on stimulus material from [3, 37] ; see the Appendix for the complete list). Each of these syllables was chosen such that the four tones would generate four different meanings resulting in 40 (10 syllables × 4 tones) different existing words in M andarin Chinese.
Material recording
4 native M andarin Chinese speakers were instructed to produce the 40 words in two different scenarios in sequence: a natural mode ("pronounce these words as if you were talking to a Chinese speaker") and a teaching mode ("as if you were talking to someone who is not a Chinese speaker"). In both conditions, there were no other instructions or constraints imposed on the way they should produce the stimuli. There was a 20-minute break for the speakers between the two recordings to avoid fatigue, with the recording of the natural stimuli preceding the recording of the teaching style stimuli.
We used Eye-catcher (version 3.5.1) and Windows M ovie M aker (2012) to record the speakers' images and sounds. One of the advantages of the Eye-catcher system is that the camera is located behind the computer screen, which is convenient for unobtrusively capturing the full-frontal images of speakers' faces, similar to what listeners see in a face-to-face setting.
In total, 320 stimuli were produced; two sets of 160 video stimuli (10 syllables × 4 tones × 4 speakers), in teaching and in natural modes. These video clips were segmented into individual tokens, with each token containing one stimulus. Format Factory (version 3.9.5) was used to extract the sound from each video to generate stimuli for the audio-only conditions. This resulted in 4 types of experimental stimuli: video + teaching (VT); video + natural (VN); audio + teaching (AT); audio + natural (AN).
Stimuli validation
In order to validate the stimuli, 24 native M andarin speakers were asked to identify the tones which were presented in the audio + natural condition (the supposedly most challenging condition), and their accuracy was 99.5%, indicating all stimuli were very easy to identify for native speakers.
Acoustic and visual analyses revealed differences between the two speaking styles (teaching and natural) and between the two modalities (auditory -only and audiovisual), e.g. stimuli were prolonged in teaching style compared to natural style (for a detailed acoustic and visual analysis of the stimulus material, see [34] ).
Procedure
The task of the participants was to identify the tones they perceived from the audiovisual or audio-only stimuli. Participants were tested individually in a sound-attenuated booth. They wore headsets and were seated directly in front of the PC running the experiment. Three practice trials were included to allow participants to get familiar with the testing procedure and the stimuli. After the practice trials, the experiment leader checked with the participants to make sure they fully understood the concept of tones (in particular the symbol used for each tone (-, /, ˅, \) and the task. Finally, 160 testing stimuli were presented in randomized order for each participant (by E-Prime) in each condition (VT, VN, AT, and AN). All stimuli were presented at a comfortable hearing level. Participants were instructed to press the designated keys with the corresponding tone symbols as accurately and as quickly as possible after they had made their decisions. The responses and reaction times were recorded automatically using E-prime.
Results
In order to examine to what extent modality (audio-visual vs. audio-only), speaking style (natural vs. teaching mode) and the participants' musical ability affect the perception of M andarin Chinese tones, accuracy (whether a response was correct or not) and reaction time (how long a participant took to respond) for each stimulus were analyzed. For each dependent variable, a mixed ANOVA was carried out with modality, speaking style and musical ability as between-subject factors, and speaker and tone as within-subject factors. Figure 1 depicts the performances of musicians and nonmusicians in the four experimental conditions. Overall, all the participants are able to identify M andarin tones well above chance levels (25%), and the musician group outperforms the non-musician group in all experimental conditions, as indicated by a higher percentage of correct responses (M = 75%, SE = .02 vs. M = 48%, SE = .02) and faster reaction times for the musicians (M = 759 ms, SE = 42 vs. M = 792, SE = 41), which is in line with our hypothesis that musical ability positively affects the ability to identify M andarin tones. However, only the difference in percentage correct between musicians and non-musicians was statistically significant (F (1, 162) = 157, p < .001, ŋp 2 = .49), while the differences in reaction times were not (F (1, 162) = 0.31, p = .58, ŋp 2 = .002). M oreover, musicians performed almost equally well within all four experimental conditions. Non-musicians performed similarly in VN, AT and AN (around 45%); but their accuracy increased markedly in the VT condition to 57%. The statistical analyses further show that the audio-visual condition (M = 65%, SE = .02) yielded significantly higher accuracy scores than the audio-only condition (M = 59%, SE = .02); F (1, 162) = 6.82, p = .01, ŋp 2 = .04. These results are in line with the hypothesis that the availability of visual cues along with auditory information is useful for people who have no previous knowledge of M andarin Chinese tones when they need to learn to identify these tones. These differences between the two modalities were not observed for reaction times where responses in the audiovisual condition (M = 798 ms, SE = 41) were slower than in the audio-only condition (M = 752 ms, SE = 41), but not markedly so (F (1, 162) = .64, p = .42, ŋp 2 = .004).
As we expected, participants that asked to identify tones produced in teaching style were significantly better at tone identification (M = 65%, SE = .02) than participants who were exposed to a more natural speaking style (M = 58%, SE = .02); F (1, 162) = 10.24, p = .002, ŋp 2 = .06. However, while the direction for the effect was in line with our hypothesis and participants indeed identified M andarin tones faster when they were produced in teaching style (M = 731 ms, SE = 42) compared to when they were produced in a natural speaking style materials (M = 819 ms, SE = 41), this effect was not significant (F (1, 162) = 2.25, p = .136, ŋp 2 = .01). Notably, there are no significant interactions among musicality, modality and speaking style, which implies that they are not affected by each other on the performance of the participants. Figure 2 shows the identification performance in terms of both accuracy and reaction times of musicians and nonmusicians for each of the 4 M andarin tones in the study. Unsurprisingly, and in line with all the previous findings we reported, musicians performed better than non-musicians for all the four M andarin tones. For both listener types (and for all combinations of modality and speaking styles) tone had a strong effect on accuracy (F (3, 486) = 100.92, p < .001, ŋp 2 = .38) and reaction time (F (3, 486) = 24.86, p < .001, ŋp 2 = .133). A follow-up analysis with pairwise comparisons (with Bonferroni correction for multiple comparisons) shows that our participants in both groups generally performed best on tone 3: they gave more correct responses (M = 80%, SE = .02 for musicians; M = 63%, SE = .02 for non-musicians; p < .001), and were faster (M = 714 ms, SE = 40 for musicians; M = 754 ms, SE = 39 for non-musicians; p < .001) than when they had to identify the other tones. In contrast, tone 4 was the most challenging one for our participants to identify, both in terms of accuracy (M = 64%, SE = .02 for musicians, M = 32%, SE = .02 for non-musicians) as well as in terms of reaction time (M = 857 ms, SE = 50 for musicians; M = 837 ms, SE = 49 for nonmusicians).
Discussion and Conclusions
In line with previous studies, we replicate the finding that musicians are at an advantage compared to non-musicians when learning to identify lexical tones in M andarin Chinese, even if none of the participants are familiar with tonal languages [6, 8, 9, 25, 26, 27] . Based on our findings, it appears that years of musical training provide musicians with an increased sensitivity to pitch variation in lexical tone discrimination [cf 10, 26] : listeners with more musical training showed greater accuracy in their discrimination (75% vs. 48%). Importantly, although the musicians in our study performed well in the identification task (79% at the highest), they did not achieve native-like performance, even on a relatively simple task in the current experiment.
Furthermore, modality and speaking style affected tone identification. Tone-naïve listeners were better able to identify tones when they saw the speakers compared to when they only heard them, which supports the hypothesis that visual information plays a facilitating role in learning to identify M andarin tones. The finding that musicians performed equally well in audio-only conditions as in audio-visual conditions (77% vs. 73%) indicates that for musicians the added visual information neither facilitates the speech perception nor distracts their attention. Speaking style also affected tone identification: Stimuli produced in a teaching style were identified better than those produced in a natural style. Salient acoustic information and exaggerated visual cues generated from the teaching style make tone identification easier for the listeners. However, there are no significant interactions between speaking style and musical ability. Thus, for musicians, teaching mode is not necessary superior to the natural style.
Crucially, individual tones are important contributors to differences in tone perception. In other words, it is much more important which tone the listeners hear than how they hear it. The low-dipping tone 3 is the easiest one to identify, while all listeners had more difficulty identifying the high-falling tone 4. These results indicate musical training facilitates lexical tone identification, although the facilitation varies as a function of tone and the type of acoustic input [27] .
Overall, musical expertise positively influences the ability to learn to identify M andarin tones. Learning M andarin tones may be facilitated by being aware of the information provided by both the auditory and the visual modality, as well as by the potential benefit in clear and well-articulated speech as exemplified in teacher talk. Finally, it is clear that the individual tones differ in how easy they are to identify . We aim to investigate the contributions of these factors in future work and hope that our findings will benefit second language learners of M andarin and will inspire further research on M andarin tone learning.
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